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New chemical mechanical polishing process for layers of isolating materials 
based on silicon derivatives or silicon 

The present invention relates to a planarization technique by chemical 

mechanical polishing of an electrical isolation material applicable to the isolation of 

integrated circuits. 

Within the context of the reduction in dimensions and the increase in density in 

5 the field of micro-electronics, isolation techniques are evolving. Therefore, the 

techniques for the isolation of active zones based on localized oxidation have been 

succeeded by the lateral isolation techniques of said active zones by shallow trench 

isolation including stages for etching these trenches, for fitting with a deposit of 

nonconducting material and pfanarization of this isolating layer. 

1 O The main difficulty associated with these isolation techniques is the planarization 

of the nonconducting material layer. 

It appears that chemical meChanical polishing is the most effective solution for 

this stage of the planarization process. It has the advantage relative to conventional 

liquid or laser etching techniques, of etching the materials while very effectively 

15 planarizing the initial reliefs. 

The present invention relates to an improvement of the stages for planarizing the 

silicon oxide used for the production of integrated circuits as regards lateral isolation 

(STI: Shallow Trench Isolation) and as regards the isolation of interconnections (ILD, 

Inter-Level Dielectrics). 

20 The chemical mechanical polishing technique combines two effects which have 

an influence on the attack of the nonconducting material, namely, a mechanical effect 

and a chemical effect. 

The mechanical effect results from the load force of the wafer Of semiconductor 

material on a polishing fabric, relative displacement speeds (for example of rotation) of 

25 the wafer and the fabric, the characteristics of this fabric and of the diameter of the silica 

particles in the abrasive. 

The chemical effect results essentially from the surface chemistry of the colloidal 

silica. 

The two combined effects cause the molecules of the polished material to retreat 

30 preferentia11y over the raised zones by inducing planarization of the material to be 

polished. 
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In order to polish a nonconducting material based on silicon derivatives such as 

silicon dioxide or silicon nitride, an abrasive is generally used which is constituted by 

basic aqueous solutions of colloidal particles of pyrogenic silica, also called fumed silica. 

These pyrogenic silicas are obtained via pyrogenic processes by combustion of 

5 high purity tetrachlorosilane with hydrogen and oxygen in a combustion chamber at high 

temperature. 

Generally primary particles of spherical silica of 5 to 50 nanometers are obtained 

which form particle aggregates of a length generally comprised between 50 and 500 

nanometers. 

10 In the literature, it is described that, during the chemical mechanical polishing of a 

nonconducting material based on silicon derivatives, in particular based on silicon 

dioxide, the rate of attack of the nonconducting material using pyrogenic silicas was 

higher the larger the diameter of the particles of pyrogenic silica was and the higher the 

pH of the colloidal silica solution used was (see in particular R. Jairath et al.. Mat; Res. 

15 Soc. Symp. Proc. vol 337, 1994, p. 121--31, G. J. Pietsch et al., Surface Science 331-333 

(1995) p.395-401, M. Borda et al., Dumic Conference 21-22, 2, 1995, p. 331-337, D. 

DeVlieger et at., Conference Proceedings ULSl-X. 1995, Materials Research Society, p. 

201-205, W.J. Patrick et al., J. Electrochem. Soc., vol. 138, No. 6, June 1991, p. 1778-

1784. R Kofenkow et al., Solid State Technology, June 1992, p.112-114, Beyer, Klaus 

20 Dietrich EP 224646, Sears George Wallace Jr, US 3,922,393, Doan Trung T. US 

5, 169,491, Koto ltsuki JP 07316846). 

The most commonly used pHs are situated between 9 and 12.5. On the other 

hand at acid pH the rates of attack are particularly low, see in particular Figure 1 of the 

article by G.J. Pietsch et al, Surface Science 331-333 (1995) p.396. 

25 The use of such aqueous suspensions in a highly basic medium presents a 

certain number of drawbacks .. Firstly, dUe to the wide distribution in the length of the 

aggregates, there is a tendency to sedimentation of the latter over time, a drawback 

which can only be minimized by constant agitation of the suspension. Moreover, the use 

of highly basic aqueous suspensions always presents drawbacks as regards the 

30 environment and working conditions. 

The main aim of the Applicant is therefore an improvement in the planarization of 

silicon dioxide layers in the isolation processes which may be encountered in the 
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production of integrated circuits, for example, in the lateral isolation processes by 

shallow trenches of future active zones of the semiconductor substrate, as well as in 

other isolation processes of integrated circuits which require a perfect planarization of 

the silicon dioxide. This also includes the isolation of interconnections of integrated 

5 circuits by silicon dioxide. 

In order to realise all these improvements in the chemical mechanical polishing 

with basic aqueous suspensions of colloidal silica, it was noted in a surprising and 

unexpected fashion that suspensions of colloidal silica, containing or constituted by 

individualized fine particles of silica not linked together by siloxane bonds and used in 

10 acid medium would allow much improved planarization effects to be obtained while 

retaining a good rate of attack of the isolating material as well as excellent qualities of 

uniformity of attack of the polishing. 

This is why a subject of the present invention is the use of an abrasive which 

includes an acid aqueous suspension of colloidal silica containing individualized 

15 colloidal siUca particles1 not linked together by siloxane bonds, and water as the 

suspension medium for the chemical mechanical polishing of layers based on silicon or 

silicon derivatives, more particularly the chemical mechanical polishing of layers of 

sificon dioxide, as well as a process for the chemical mechanical polishing of a layer of 

isolating material based on silicon or a silicon derivative, in which an abrasion of the 

20 layer of isolating material is carried out by rubbing said layer using a fabric which 

indudes an abrasive, charaderized in that the abrasive contains an acid aqueous 

suspension of colloidal silica containing individualized particles of colloidal silica, not 

linked together by siloxane bonds, and water as the suspension medium and preferably 

is essentially constituted by such an acid aqueous suspension. 

25 These aqueous suspensions of colloidal silica contain or are constituted by 

individualized fine silica particles, not linked together by siloxane bonds, in suspension 

in water and are preferably substantially free from particle aggregates. For the chemical 

mechanical polishing of layers of material according to the invention, the aqueous 

suspensions of colloidal silica are used in acid medium and preferably have individual 

30 particle diameters comprised between 3 and 250 nm, in particular between 3 and 150 

nm, particularly between 10 and 50 nm. 
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Such aqueous suspensions of colloidal silica can be obtained, either from 

alkaline siticates, in particular, sodium or potassium, or from ethyl silicate. In both cases, 

using means known to a person skilled in the art and more particularly described by KK. 

lier, in ''The Chemistry of Silica", chapter 9, pages 331 to 343, Publisher Wiley 

-5 lnterscience 1979, acid aqueous suspensions of colloidal silica can be obtained 

containing individualized particles, not linked together by siloxane type bonds, with a 

diameter comprised between 3 and 250 nm. 

A principal advantage of the invention is the improvement in the chemical 

mechanical polishing of layers of isolating material such as silicon dioxide by acid 

1'0 aqueous suspensions of colloidal silica. 

For example, this improvement can essentially be demonstrated by 3 types of 

tests: 

a) tests of the rate of attack of the silicon dioxide layers by the abrasive aqueous 

dispersion of colloidal silica. This rate of attack is measured by the difference in 

15 thickness measurements before and after polishing, on a silicon dioxide wafer/slice free 

of patterns. The rate of attack is expressed in Almin. 

b) planarization tests, in particular the degree of planarization (DP} characterizing 

the variation in the height of step between the initial retief (before polishing) and the final 

relief (after polishing), measured on the wafers/slices containing isolated patterns of an 

20 initial height of 7000 A. It is expressed as a percentage and is defined by the following 

formula: 

25 

DP = 100 x Hi - Hf 

Hi 

with Hi = initial height of step 

Hf= final height of step 

A total planarization gives a total degree of planarization of 100%. A nil 

planarization g~s a degree of ptanarization of 0%. 

Figures 1, 2 and 3 illustrate the definition of the degree of planarization. 

30 The degree of planarization is 0% in Figure 1, 50% in Figure 2 and 100% in Figure 3. 

For all the pfanarization tests, the thickness removed in the low parts 

(outside the pattern} were adjusted to 3500 A. 
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c) tests of the uniformity of attack of the polishing. This represents the variation 

in thickness of the oxide on the same wafer. It is calculated from measurements of the 

oxide on the same Si02 wafer before and after polishing according to the following 

formula: 

U = Max thickness - Min thickness x 100 

2 x Average thickness removed 

The lower the value obtained the more the uniformity of attack is satisfactory. 

10 This advantageous polishing process is carried out thanks to acid aqueous 

suspensions of particular colloidal silica, constituted by individualized particles, not 

linked together by siloxane bonds. 

Under the preferred conditions for implementing the process according to the 

invention, to acid aqueous suspensions of colloidal silica are used having a pH 

15 comprised between 1 and 6, in particular between 1.5 and 4, particularly between 2 and 

3. 

Under other preferred conditions for implementing the process according to the 

invention, the diameters of the elementary particles of the colloidal silica suspensions 

are comprised between 3 and 250 nm, in particular between 3 and 150 nm, particularly 

20 between 1 O and 50 nm. 

In order to obtain the best polishing efficiency in particular for the two main 

retained tests: rate of attack of silicon dioxide layers and quality of planarization of 

treated layers, under yet other preferred conditions of implementation, the concentration 

by weight of the polishing product, i.e. silica, is from 5 to 50%, preferentially from 15 to 

25 30%. 

The layer of isolating material is preferably based on silicon dioxide, silicon 

nitride, polysilicon or amorphous silicon and more particularly based on silicon dioxide. 

Another advantage of the invention is that the acid aqueous suspensions of 

colloidal silica, constituted by individualized particles, not linked together by siloxane 

30 bonds and having practically monodispersed particle diameters, have a very good 

stability over time which results in a lack of sedimentation as time passes. 
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Finally, a subject of the present invention is an abrasive for the chemical 

mechanical polishing of a layer of isolating material based on silicon or a silicon 

derivative containing a fabric impregnated with an acid aqueous suspension of colloidal 

silica! containing individualized particles not linked together by siloxane bonds1 with a 

5 diameter comprised between 3 and 250 nanometers1 of pH comprised between 1.5 and 

4. The suspensions which are quite particularly preferred are described below in the 

operating conditions of the process. 

The following examples allow the invention to be better understood. 

EXAMPLE 1: Example of polishing with abrasives based on acid aqueous suspensions 

10 of colloidal silica according to the invention -

15 

20 

25 

30 

A deposit of silicon dioxide of approximately 1 µm is produced on each 

studied wafer which is then measured before polishing. 

The wafer is then polished according to the following standard process: 

- load force: 

- plate speed: 

- carrier speed 

- temperature: 

- abrasive throughput: 

0.5daN/cm2 

25 revs/min 

22 revs/min 

20°c 

80cm3/min 

-fabric: IC 1000 on Suba 4 from RODEL 

PRODUCTS 

The results indicated in each example are obtained from a full silicon 

dioxide wafer for the rates of attack and for the percentage uniformity of attack and a 

structured wafer for the determination of the degree of planarization. 

With a colloidal silica the characteristics of which are as follows: 

- average diameter of the elementary 

particles of colloidal silica 

- pH of aqueous suspension 

- concentration by weight of colloidal silica 

the following are obtained: 

- degree of planarization of 78% 

- rate of attack of Si02 of 1050 A/min 

- percentage uniformity of attack of 3%. 

12nm 

2.2 

20% 
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Under the same conditions using a colloidal silica the characteristics of which 

are as follows: 

- average diameter of the elementary 

particles of colloidal silica 25nm 

5 - pH of aqueous suspension 2.2 

- concentration by weight of colloidal silica 20% 

the following are obtained: 

- degree of planarization of 52% 

- rate of attack of Si02 of 1850 A/min 

10 - percentage uniformity of attack of 2.5%. 

Experiment 1: Comparison example of polishing with abrasives based on basic aqueous 

suspensions of colloidal silica. 

The polishing process is carried out under the above conditions but the 

15 concentration by weight of silica was adjusted to 12-13%. 

20 

With a commercial pyrogenic coffoidal silica for this apptication the 

characteristics of which are as follows: 

- average diameter of elementary particles 

- average diameter of aggregate particles 

- pH of aqueous suspension 

- concentration by weight of active product 

the following are obtained: 

- degree of planarization of 42% 

- rate of attack of Si02 of 1100 A/min 

10nm 

150nm 

10.3 

12% 

25 - percentage uniformity of attack of 8.5%. 

30 

With a commercial pyrogenic colloidal silica for this application the 

characteristics of which are as follows: 

- average diameter of elementary particles 

- average diameter of aggregate particles 

- pH of aqueous suspension 

- concentration by weight of active product 

the folJowing are obtained: 

25nm 

200nm 

10.2 

13% 
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- degree of planarization of 56% 

- rate of attack of Si02 Of 1500 A/min 

- percentage uniformity of attack of 11.5%. 

Therefore, it is noted that, on the one hand, contrary to what is indicated in 

5 the literature, and in an unexpected fashion, rates of attack of the silicon oxide layer can 

be obtained with acid aqueous suspensions of colloidal silica which are of the same 

order of size as with the basic aqueous suspensions of colloidal silica used previously. 

On the other hand, it can also be seen that in an equally unexpected 

fashionJ the acid aqueous suspensions of colloidal silica produce planarization effects 

10 very considerably superior to those obtained with basic aqueous suspensions of 

pyrogenic colloidal silica and that in a very surprising fashion it is the acid aqueous 

suspensions based on small particles which produce the best results of all the products 

tested. 

Finally, a very good uniformity of attack of the acid aqueous suspensions 

15 of colloidal silica according to the invention can be revealed relative to basic aqueous 

suspensions Of pyrogenic colloidal silica. 
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CLAIMS 

1. Chemical mechanical polishing process for a layer of isolating material 

based on silicon or a silicon derivative, in which an abrasion of the isolating material 

5 layer is carried out by rubbing said layer using a fabric containing an abrasive, 

characterized in that the abrasive contains an acid aqueous suspension of colloidal 

silica containing individualized colloidal silica particles, not linked together by siloxane 

bonds, and water as the suspension medium. 

2. Process according to claim 1, characterized in that the acid aqueous 

10 suspension of colloidal silica has a pH comprised between 1 and 6. 

3. Process according to claim 2, characterized in that the acid aqueous 

suspension of colloidal silica has a pH comprised between 2 and 3. 

4. Process according to claims 1 to 3, characterized in that the acid 

aqueous suspension of colloidal silica contains individualized particles not linked 

15 together by siloxane bonds. with a diameter comprised between 3 and 250 nanometers. 

5. Process according to claim 4, characterized in that the acid aqueous 

suspension of colloidal silica contains individualized particles not linked together by 

siloxane bonds, with a diameter comprised between 1 O and 50 nanometers. 

6. Process according to claims 1 to 5, characterized in that the acid 

20 aqueous suspension of colloidal silica is used at a concentration by weight of silica 

comprised between 5 and 50%. 

25 

30 

7. Process according to claim 61 characterized in that the acid aqueous 

suspension of colloidal sifica is used at a concentration by weight of silica comprised 

between 15 and 30%. 

8. Process according to one of claims 1 to 7, characterized in that the layer 

of isolating material based on silicon or silicon derivatives is based on silicon dioxide, 

silicon nitride, polysilicon or amorphous silicon. 

9. Process according to cJaim 81 characterized in that the layer of isolating 

material is based on silicon dioxide. 

10. AA abrasive for the chemical mechanical polishing of a layer of 

isolating material based on silicon or a silicon derivative comprising a fabric impregnated 

with an acid aqueous suspension of colloidal silica, comprising individualized particles 
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not linked together by siloxane bonds, with a diameter comprised between 3 and 250 

nanometers, with a pH comprised between 1.5 and 4. 


